Summary: Resistance to broomrape of different inbred lines, hybrids and hybrid combinations of sunflower was investigated. The trial for this experiment, which was set at 6 locations on territory of Bačka, included set of differential genotypes which, according to literature, posess genes for resistance to races A-E, 152 inbred and 121 restorer lines developed at the Institute of Field and Vegetable Crops in Novi Sad, 72 crosses between these lines and 15 Russian and Ukrainian varieties. Differential genotypes behaved identically in all test sites. Domestic mother lines, restorer lines, newly developed hybrids as well as hybrid combinations showed resistance to present races of broomrape in all test sites in Vojvodina. Determination of resistance genes requires analysis of crossing inbred lines and differential lines. Results of the experiment performed in Romania and Turkey, with part of the experimental material, shows that these genotypes behaved differently in terms of resistance to broomrape in different conditions for experiments. The results require further separation on the basis of resistance to different races of the parasite by introducing new differential line.
Introduction
In many countries, including Serbia, sunflower is the main oil plant. Sunflower oil has a special place among edible oils because of its quality. Because of this, the main goal of breeding is development of hybrids and varieties with high genetic potential for seed yield and oil content in seed. Among many factors causing yield reduction or total destruction of crop, broomrape is the most important one. At the beginning of growing sunflower as an oil plant in Russia, broomrape caused 100% plant damage. Today, it can cause 50% of yield loss (Dominguez 1996) and even more in some regions.
Orobanche is the largest genus among the holoparasitic members of Orobanchaceae (Young et al. 1999) and comprises approximately 170 species distributed predominantly in the Northern Hemisphere. The species from this family have been reported in the South-Eastern Europe (Bulgaria, Romania, former Yugoslavia, European part of Turkey), in Hungary, the Czech Republic, Slovakia, steppe zone of Ukraine, the Volga River valley, the area of the Caucasus, Asia Minor, Iraq, India, Tibet, Mongolia and countries of the Mediterranean basin (Italy, Egypt and Algeria) (Olangiu 1969 , Škorić & Jocić 2005 , Mihaljčević 1996 . Sacston (1978) writes about the presence of broomrape in Spain. By its spread and the extent of the damage caused to sunflower, broomrape (Orobanche cumana Wallr.) is the most important representative of the family Orobanchaceae.
Broomrape is a parasitic entomophily pollinated flowering weed without chlorophyll, which attacks the root system of sunflower plants by taking their water and minerals and therefore reduces the vitality of the affected plants, which in the end, depending on the severity of the attack, leads to partial or complete destruction of plants or crops. Therefore, one of the main objectives in the process of creating lines, hybrids and varieties is to introduce resistance to broomrape. Broomrape is obligate parasite and besides sunflower it also attacks tomatoes (Solanum lycopersicum), hop (Humulus lupulus), tobacco (Nicotiana tabaci), sugar beet (Beta vulgaris), carrot (Daucus carota), hemp (Cannabis sativa), alfalfa (Medicago sativa) and others.
In many countries around the world the appearance of one, two or three new races of the parasite has been recorded. In order to minimize damage to sunflower crops it is necessary to identify the genes for resistance to these races. Historically, sunflower breeders have been successful in developing broomrape resistant cultivars, but breeding programs are often based on a reduced number of dominant genes, while resistance breakdown caused by the appearance of new virulent races that overcome all known resistance genes has frequently occurred in the last decades (Fernández-Martínez et al. 2008 ). This situation has forced sunflower breeders to continuously search for new sources of resistance and/or using alternative methods of control such as the use of imidazolinone (IMI)-resistant hybrids. The aim of this review is to discuss recent advances in research in the development and genetic characterization of new sources of resistance to new virulent races, as well as in the biology and genetics of the parasite and in the development of IMI-resistant hybrids.
Due to the narrow genetic basis of cultivated sunflower for finding genes for the known races of the parasite research on wild sunflower species has been performed (Dozet & Marinković 1998 , Fernadez-Martinez et al. 2004 , Jan 2004 , Terzić et al. 2010 .
Several methods have been proposed to control sunflower broomrape, including mechanical, biological, and chemical practices, but nowadays genetic resistance is regarded as the most effective, economically feasible and environmentally friendly solution (EchevarriaZomeno et al. 2006) .
In order to find the most effective way of dealing with the creation of broomrape resistant sunflower hybrids and varieties, it is necessary to get to know the basic elements related to the biology of parasites, changes in the population structure of the parasite and selection strategies in the breeding process. However, the creation of resistant hybrids does not mean that there was a final victory due to the appearance of new, virulent races which under the same environmental conditions can parasitize host plant, mature normally and produce seeds.
Studying the genetics of resistance to broomrape Burlov and Kostyuk (1976) concluded that resistance is monogenic and inherited dominantly. The dominant resistance was also determined by Vranceanu (1980) , Tolmachev (1986), Tsvetkova et al. (1998) and Petakov (1998) . So at full resistance of hybrids it is enough that one of the parental lines is resistant to broomrape, and the second line can be characterized by some other good agronomic characteristics. According to Tolmachev (1986) dominance should not be viewed as a result of acts of appropriate genes in the genotype. This stems from the fact that expression of dominance can be changed under the influence of other genes that act as modifiers. It follows that for a study among allelic effects and explanations of degree of dominance it is necessary testing in different agro-ecological environments, which can be done by creating isogenic lines. Tsvetkova et al. (1998) and Petrov et al. (1980) supported this claim.
Before the election strategy in sunflower breeding for resistance to broomrape, racial composition should be determined, especially the identity of the new race. Vrancheanu et al. (1980) in Romania and Acimovic (1980) in Yugoslavia gave the most detailed study of genetic resistance to broomrape. While Vrancheanu et al. (1980) revealed the presence of five physiological races (A, B, C, D, E) within the parasite population in the region Braila, Acimovic (1980) reports 7 noted physiological races within the parasite population in localities of the northern part of Vojvodina.
The aim of this study was to evaluate the resistance to broomrape of different inbred lines, hybrids and hybrid combinations of sunflower.
Materials and Methods
The experiment for this study, which was set up in six locations in the territory of Vojvodina, included a set of differential genotypes, which according to literature have genes for resistance to races A through E (Or-1…Or-5), 152 inbred and 121 restorer lines, as well as 72 crosses between these lines developed at the Institute of Field and Vegetable Crops Novi Sad, Serbia, and 15 Russian and Ukrainian varieties. In this paper we presented only the most promising genotypes selected on the basis of agronomically important traits, especially seed yield and oil content (unpublished data). Tested genotypes were sown by hand in three rows, and middle row was evaluated. This reduced the possibility of overlapping root systems between individuals and populations, and thus avoided the wrong grading. During the preparation of soil treflan was not used because its application reduces the number of plant parasite 30-60% (Vasilyev & Baranova 1974 , Aćimović 1978 . The presence and number of broomrape plants per sunflower were determined visually when sunflower was in the blooming stage.
Independently of these genotypes, several domestic hybrids (Baca, Sremac, Nemanja and Jovan), two foreign hybrids and five promising hybrid combinations (UK-PA-45 x RHA-B 1 , UK-PA-73x RHA-Z, U-1006 x RHA-Z, U-503 x RHA-B 1 and NIL-23 x RHA-B 1 ) were analysed in two localities in Romania (Tulcea and Cogealac). Also, only hybrid combinations were evaluated in the Agricultural Research Institute -Edirne, Turkey. Evaluation of the material in both localities in Romania was performed the same as in the localities in Vojvodina, while at the Institute -Edirne the method of Pancenko (1973) was used.
Results and Discussion
In addition to differential lines which showed sensitivity, all other analysed genotypes showed resistance in all observed localities in Vojvodina to the parasite complex (Table 1) . Among the inbred lines one cms, three fertile analogues and three restorer lines showed resistance. However, given that in the set of differential genotypes those with resistance genes to races F and G (Melero-Vara & Molinero 2004 , FernandezMartinez et al. 2004 were not present, it cannot be stated with certainty that these lines have the gene or genes for resistance to these races. This paper presents the results of an analysis of some promising hybrid combinations (Table 2) . In Vojvodina, the values for the aforementioned quantitative traits were taken from the experiment set up at the Institute of Field and Vegetable Crops, Novi Sad, Serbia. Among the ten studied hybrids developed at Institute of Field and Vegetable Crops, four exhibited resistance and six showed sensitivity to the parasite complex in all observed localities. At the end, Table 2 shows testing results of some hybrid combinations for resistance to broomrape.
Among the promising hybrid combinations, the combination UK-PA-45 x B1 was found to have the lowest oil content (45.78%), while combination UK-PA-229 x RH-Z had the highest oil content (49.15%). Combination UK-PA-229 x B1 is characterized by the highest seed yield per unit area (5.326 t/ha). High seed yield was also found within combination UK-PA-229 x RH-17 (5.135 t/ha).
During the evaluation of resistance it has been observed that in all sunflower plants within one genotype, the same number of broomrape plants was not developed. The reason for this probably lies in the fact that the experiments were set up in different localities and soils do not contain the same amount of infective material. On the other hand, despite the high reproductive potential of broomrape, a significant number of broomrape seeds fail due to unfavourable weather conditions (high temperature and moisture content in the soil). Plant height and head diameter did not vary significantly by genotypes, regardless of the observed locality.
It is known that the weight of 1000 seeds is one of the three major components of seed yield. It is influenced by both genetic and environmental factors. Variability of the size of this property is specific to the different genotypes in one locality and one genotype in different localities. Besides, there is variability of this trait for genotypes among different circles in the head. Skoric (1989) and Marinković et al. (2003) argue that for the formation of high seed yield, value of 1000 seed weight should be over 80 g. In this work among the studied hybrids the highest value for this property was expressed by Nikola (75.10 g) and the lowest by Milan (60.00 g). In this study the promising hybrid combinations of the highest value for the 1000 seed weight was found in UK-PA-229 x RH-Z (76.46 g) and the lowest in UK-PA-51 x RH-17 (57.11 g) and UK-PA-45 x RH-17 (57.66 g).
The collected data on the response of some genotypes on broomrape in localities in Vojvodina, Romania and Turkey are shown in Table 3 . By observing the data, it can be noted that the analysed genotypes were resistant to the parasite complex in sites in the territory of Vojvodina, however some genotypes behaved differently in other localities. 
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Or Table 1 . Evaluation of broomrape presence on differential and inbred lines
Or-0 no genes for resistance; Or-1 resistance to race A (1); Or-2 resistance to race B (2); Or-3 resistance to race C (3); Or-4 resistance to race D (4); Or-5 resistance to race E (5); Or-? no information about the race of parasite; S-susceptible; R-resistant x RHA-B1 expressed different reaction in the locality Cogealac (Romania) in two replicates. In the first replicate presence of broomrape was not recorded, while in the second it was. Under laboratory conditions at the Agricultural Research Institute -Edirne Turkey, broomrape was absent in both replicates. However, in Tulcea locality broomrape was present with low abundance on plants in the first replicate, while in the second attendance was higher. The genotypes U-503 x RHA-B1 and NIL 23 x RHA-B1 behaved similarly. On genotype UK-PA-73 x RHA-Z, site Tulcea in both replicates at all plants, presence of the parasite was with low abundance. In Cogealac locality on plants in the first replicate presence of broomrape with low abundance was noted, while in the second replicate of 20 sunflower plants only one showed the presence of the parasite.
In the Institute of Edirne the presence of the parasite was recorded on the plants in the second replicate. All this supports the opinion of Škorić & Jocić (2005) that in some countries the racial composition of the parasite is not completely clear. 
Conclusions
Genotypes showed different degrees of resistance depending on the tested sites (Vojvodina, Romania, Turkey) which can be explained by the different racial composition of the parasite. According to literature data, it has been shown that there is a change in the racial composition of the population of O. cumana. The most promising hybrid combinations for the territory of Vojvodina are UK-PA-229 x RH-Z and UK-PA-229 x B1 because in addition to the demonstrated complete resistance to broomrape these were characterized by the highest oil content in the seed, i.e. the highest seed yield per unit area. LG 6556
broomrape not present; + broomrape present on every plant with low abundance; ++ severe attack of broomrape with over -20 plants per sunflower plant; / no data
